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This study examined behavioral correlates of the 
rapid central nervbtfs systea changes ccccrring in the first ^iXaonths 
of li^e* It was hypothes^ed that during, the early acnths of infancy^ 
visual preference would occur as a function of guantitative ^ 
diaensions of the stiauli (size) • vhich cifuld be aediated 'at a 
subcortical level* It was further hypothesized that nhen ' priaiti*^:^^ 
reflex aeasures shoved a diainution^ thus ^signifying integr^icn 
betveen cortical and subcortical structures ^ visual preference should 
shift to qualitative stiaulus diaensions (curved versus straight 
elements) aediated at a cortical level* sixteen infants participated 
in the behavioral study^ in which they were te^^d at hoae seven 
tiaes; at 2^ 5^ 8^ .11, 13^ 15^ and 17 weeks of age. one cf these 
infants also, had his EBG measured seven tiaes during the first 3 ' 
aonths of his life. Visual fixation of al'l infants. was ccapared for 
five sizes of a bull's-eye pattern paired with an inter aediater seized 
horizontally striped pattern^ and five sizes of the striped pattern 
paired with the intexaediate-sized bull»s*^ye pattern. On the saae 
day that visual behavior was assessed^ the* strength cf seven reflexes^ 
was aeasured. Results showed that all <^t the priaitive reflexes were 
present and ^Eoraal or strong in ihe 2-week testing .and weak or absent 
by the 17-week -testing. Findings also showed that while ycung infants 
clearly had a preference for larger stiauli^ thcfir ^fixaticn ^ 
preferences by 8 weeks of age seemed deterained auch less by the^ size 
of the-/ stiauliy and they clearly /showed ^a preference tot curvature by 
the time they were 11 weeks old. (JUB) 
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' NERVOUS SYSTEM DEVELOPMENT AND PATTERN PREFERENCE .IN INFANTS ^ 
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le purpose of this study was to examine behavioral correlates of the rapid 
central nervous system changes occurring iti tfhe first ^our months of life. This 
research originates directly from Li'ndsley's (1936, 1938, 1939) early development- 
al work on the human EEC and is designed to test the hypothesis^ that cortically 
mediated visual behaviors are absent in the first few months of infancy. Lindsley 
was ^ one of the fi;:st to note that toward^the end of the third month after birth, 
the EEG in occipital areas changes dramatically. The occipital EEC of the neonate ' 
4 is relatively flat and arrhythmic, but during the third month a prominent 50 uv. 
- rhythm of 3-4 Kz emerges. Lindsley suggested that the beginning of organized rhyth- 
mic activity in occipital areas may signify the onset of integrat ed cortical activ- 
ity.in these regions. It imay be only at this period that visual behavior cot^es 
under the control of the cortex. Thus, until the third month visual behavior may 
, ^ bejnediated primarily at- a subcortical level. ' 

'Wh^le 'systematic attempts to test this hypothesis by measuring in|ant behav- * K 
ioral capacity before and afte\ the' onset of rhythmic occipital EFG acRvity have * 
not been undertaken, investigations of neonatal .EEG in subsequent decades have con- 
.. tinued to Suggest the functional significance of the onset of rhythm in postefior 
regions (Dreyf us-Brisac, Samson, Blanc, & Monod, 1958; Ellingson, 1967)'. Research 
on. neurological develppment of the infant cortex at" the cellular level indicated 

* 

that'cortj-cal cell myelination and dendritic branching show little progress dur- • 
In^^ the first month of life, but under,go marked maturatidnal change during the 
' second and third months (Conel, 1939; 1941,. 19/i7) . This burst of ' neurological de- • 
> velopment immodiatQly precedes the onset of 'occipital alpha^ activity . * 

O • • • ' . o 



The devolopntent of the capacity to function as a cortically -integrated organ- 
ism, as signaled. by the emergence of organized rhythns in the occi.pital lobes, can 
be used as a perspective from which to ^examine beha,vioral- development . Given the 
infant's drar.atic increase in neurological potential around the a^e of three months, 
this/ should be a^critical period in which to observe behavioral changes. The onset' 
of occipital rhythmic activity corresponds with a time of change in neonatal reflex 
patterns.^ At^approximately 3 ^to 4 months, many reflexes drop out of the infant's 
behavioral repertoire (Fiorentlno,. 1972; Schelbel & Scheibel, 1964; Taft & Cohen, 

1967) due to increasing corticaL i;ihibition of.\ower centers. As reflex arcis exist 

\ 

below the cortical level, befora integration between subcortical and cortical cen- 
ters , stimulation of the infant elicits an involuntary .response. As maturing corti- 
cal centers Decome integrated with subcortical areas, primitive reflex behavior is 
inhibited 5 and ^Vyluntary responses emerge. The infant thus -progresses to a neuro-r 
logically more mature, in,tegrated state* This disappearance of primitive reflexes 
is> a clear behavioral sign indicating the develop^ment of the central nervous system. 

Lindsley and Wicke .(197A) inferred the ladk of cortical functional integration 
in infant behavior prior to three months from the reflex behavior -of infants born 
without a cerebral cortex.^ Although these infants do ftot;-live more than thre« montii 
while alive they exhil?it the same reflek development as a normal ncv;bom of the same 
age. This suggests the lack of. cortical integration* in fhe normal neonate. 

The inference that visual behavior is mediated at a subcortical ievel in the 

first moi>ths of life was also nt'ade by Bronson K197A) b^sed on his interpretation of 

the neurophysiological and behavior literature- on early/ iittancy. - Bronson .devised . 

a TOoSel of neonatal visual developihent involving visual patH^ways ' through the^si:»:>er- 

* ' . * ' ' . ' * ^ i 

ior coUiculus and pulvinar as well as tffrough the lateral geniculate . to ar^eas 17, 

Ji ' • ^ ^ ' ^ ^ ' 

18, and 19. Bronson argued that the-pathvays through t:h^> superior colliculus and 



pulvinar comprise a secondary visual sys-tcm and develop, earlier .and are np^elinated 
swner than the geniculo-striate pathv;ays (comprising the /rpfimary visual .system") . 



. . ■ ' -3- 

Examining the behavioral data in infancy, he concluded that the discriminations 

t 

which infaitts have been shown to be capable of performing in the first two months 
of life could be mediated bytKe secondary system, and he believed that the primary 
system was not functional untl;! the third month of life. 

4 

There is consi^lerable evidence available from studies of neurophysiological 
^ development and of the development of EEG,, behavioral reflexes , ^nd visual behavior 

that dramatic changes occur in the second and third months of life. However, re- 

, * i> 

l^tionships among these variables^ in t^e developing individual have not been exam- 
ined, A major reason that such studies have not been undertaken in infancy ig that 
few techniques for the, accurate measurement of infant behavior had been developed 
until the last'decade. We undertook the present longitudinal study using seme of 

. thesa^ recently developed measures of fixation, following, ^ discrimination , habitua- 
tion, and preference to study the relationship between visual development and de- . 
velopment of the nervous system. Behaviors which* could be mediated subcort'ically 
as V7ell as behaviors requiring cortical control were included to test the hypothe- 
sis that infant behavioral capacity changes around the time fhat cortical and sub- 
cortical structures beconje^ integrated . , ' ' , 

The data involving visual discrimination and preference will be reported h^re. . 
This portion of the longitudinal study involved a paradigm devised by PMff ^nd 
Turkewit2»(1975) 4:o measure q^ualitative and quantitative aspects of infants' vis- 
ual response. We hypothesized 't)iat during the' first months of infancy, prefarence 
.would occur as a function of quantitative diniensions of the. stimuli (s\Lze) vhi'ch 

jj could be mcidiated at a subcortical level. When primitive^ reflex measures stumftrf> a 
diminution, thus signifying integration between cortical and subcortical structures ^ 
visual preference' should shift to qualitative stimulus dimensions (curved vs. - 
straight elements) mediated at a cortical level. ^ • t 
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* , • Method 

' ' ' ' \' 

' Subjects ' ^ . ' ^ 

* 

>■ Fifteen infants,' ten females and fiye males, participated in the behavioral ' 
"\ « . 

study ^or the first f6ur months of their lives. Following the Lindsley tradition ■ 

I ■ 

- of longitudinal EEG testing of his own children, th^sikteenth sub.ject, the first . 
author's, son (JTP) ,was tested in the behavioral' paradigm and also >ad his EEG nea- 
sured during "the first three months "of his life'. ' Ml infants were full-tem ^mean 

. gestational age of 40.5 weeks; range of 39-42 weeks) and had an Apgar score 'of 9 
or 'above. '' ' ^ 

Apparatus i - . - ' ^ 

Stiinifli were presented in a fiberboard table-top viewing apparatus, composed 
of three panels. The infant .fac|id the rear panel and was surrounded on the front 
and both sides to block out interfering visual stimuli. " The mother was seated be- 
^ore the table on which the" white viewing screen was placed with her back toward 
the rear panel with her icfant held at her' shoulder. This placed the infant on • - 
eye level with the stimuli at a distance of approximately 12 inches. The openings 
.for the stimuli were 11 x 11 inches, and ^ distance between these openings was 
3 inches. Fixations were observe'd from behind" the stand through a Jj-inch hole be- 

^Riin the stimuli,, and fixation time was recorded by the experimenter. The stim- 
uli -could not be s-een by the experimenter .when they were in- place, so the' experi- 
menter wa's blind ds,tL, vhich s timuli wer6 being fixated. A cardboard flap on the 

^inside pf 'the apparatus.covered the stimuli until they were presented. Fixations 
were timed ty a Lgfayette clock-counter, and presentations ware timed using a pre- 
recorded cassette-with timed signals to indicate the beginning, and -end of each trial. 

.The stimuli were-Jihe sameys used by Ruff "and Tufkewita (1975) and were five 
■ different sl^es <Jf e^ch of\a bull's-eye and stfiped configuration. The bull's-eye 
w^s coiiipriscd of 12 curvilJ^near segmen-ts and the horizontal stripe's. were cor.prised" 



of 12 straight segments arranp,ed in two columns. * Size jj^^as varied by designing 
^bull*s-:eyes and stripes of five different total areas. The dimensions of the two 
pat.tema are presented in Table 1. A bull*s-eve dnd horizontal stripe pattern df 



Insert Table 1 about here 



the same size wercv equated fqr^mber of segments, length of segments, and overall, 
black/white ratio. Contour was tlTe^ same for stimuli of the same size. EacK stiiii- 
ulus presentation included two slfimuli, a.bull*s-eye and a horizontal stripe sti^.u- 
lus. ^ All five sizes of the bull's-eye pattern were paired with the intermedia te-^'- 
sized striped pattern, and all five sizes of the striped pattern w6re paired with 
the intermediate-sized bull's-eye-pattern. Hence, ther4 were. ten possible stimulus 
pairs. Since the bull's-eye/stripes pair o'f infcenrtediate size was' common to hoth 
.series, there was a total of nirie' different pairs presented. > 
. Procedure . * * 

Each infant was tested at home seven timqs: ^t two, five, eight, eleven,, 
thirteen, fifteen, and seventeen weeks of agd. The mother was' asked to sit wi'th her 
back td the appiaratus and hol,d h^r infant so that he ot she coiAd look oyer the . 
mother.'s shoulde'r?^ The nine stimulus pairs were shown in the same random order to 
all subjects and then shown again in a different random order ^riLth the positions of 
the stimuli reversed. Thus, the two stimulus types appeared equally on the left and 
the right throughout^the IB trials, appearing four times on the left in one order 
and five times on the left in the other order. Each pair was present;ed twice 'to the 
infant for 5 Seconds, so the total possible viewing, time fot each stimulus was' 10 
secpnds. The experimenter observed the direction of the infant's gaze through the 
sraall viewing hole and recorded the direction r.nd duration of each fixation. Fix- - 
^ations were recorded on the basis of the observer's .iudgment of the' directicaji of 
gaze and not by corneal rejection. Neitliet the fexperimenter nor the mothert^ could 



see the efcimuli. Ihterrater reliability for this prqcedure was found by Ruff- and 



.Birch (1976) to be .95. 
Neurolop.ical Assessment * 

On the same day'that visual behavior was assessed, the strength ,of seven re- 
flexes. was measured. These reflexes are described in Table 2. the experimenter 
(KMG) was trained by 'a pediatric neurologist to elicit the reflexes, and tbey were 
scored oi\ a four-point scale devised by Parmelee (1971; Sigman, Kapp, <'Pamelee, & 



r 

/ 



Insert Table 2 about here, 



Jeffrey, 1973). On the Parmelee scale a reflex is scored as absent (0), weak (1), 
normal (2), or strong (3). 'Since ther^ were seVen reflexes tested,^- a total score 
' Indicating the greatest possible immaturity was 21. . 
Electroencephalo^raphic Measurer.ent ( 

In one male infant, JTP, EEG as well as visual and refilex behavior was measured. 
EEG assessments were made when JTP was two, five, seven, eight, nine, tetr, and elev- 
en f;eeks old, and" behavioral assessments were made at two, five, seven, eight, elev- 
•en, and thirteen weeks. Grass silver-silver chloride cup electrodes were attached 
'with Grass electrode cream tb sites measured as 0- , 0^, and according to the lQ-20 
system and. referenced to linked, earlobes. EEG was recorded on a Beckman* Typa R dyn- 
ograph with inputs to a Vetter Model A FM tape tOipovder. ' ^ 

Resu] ts 

As anticipated, neurological development ai^ measured by reflexes, proceeded rap- 
ld3y in tTiis four-month pei:iod in infancy with all of the primitive reflexes present 
and normal pr^str^ong in the two-we'ek testing and weak or absent by the 17-^veek test- 
ing. This result is shown in Figure 1, which presents reflex scores ovet the four- 
month perio'd for 15 infants. The most dramatic change in the nervous system as as- 



Insert Figure 1 about here 



; • • \ 

-4Ssfeessed by primitive reflexes occurred ^fttween the fifth and eighth week, when- mean " 



. - -7- . • . . 

m ^ • < ■ ' . . • . - 

reflex score 'dropped 'from 16.0 to 9.3. Twelve of the 15 infants showed the greatest 
maturational change iu ^reflexes this point In their developioent. The remaining 
three-showed the greatest neurological score change between the 8^ and 11-week .test- 
lug. • . . , 

Changes in visual responding as a function of age were examined in a 2 x 4\ x 7 
analysis of var.iance testing the effects of stimulus pattern (bull's-eye vs, horizon- 
tal s^tripes), stimulus size (intermediate, reference stimuli were not included in an- 
alysis), and age on fixation time. All three effects were statistically significant 
as was the age x size interaction and the age k pattern interaction. Infants fix- 

\ted.more at older than at younger 'ages (F = 2.97; df = 6, 98; p^-.Ol), they preferred 
larger stimuli (F == 29.0; df = 3, 98; £<.01), particularly when they were younger 
(F = 4.41; df = 18y 294; £<:.01), and, they preferr,ed biill' s-ey\ss feo horizontal stripes 

. (F = 73.0; df = 1, 98; £<.01), only when they were older (F = 6.09; df = 6, 98: ^ 
£<-.01). ' * 

The effect of age and stimulus size on fixation is shown in Figur^2. Young in- 
fants clearly Jiad a preference for larger stir.uli a^ they filiated the two largest 



Insert Figure 2 about here 



stimuli four times as long at' the two-week testing'and twice as long at the five- - 
week testing as they fixated the tV70 smallest ^-stimuli. The Jintermediate^inulus, 

♦ \ 

not shown in Figure 2, was fixated ^n intermediate length of time between fixation ' 

time. for the largest' and smallest stimuli. Post hoc comparisons using the Scheffe 

test Indicated that the differences between the largest and smallest, stimuli and 

$ 

between the second largest and second ^.Dallest stimuli were both statistically sig- 
nificant at the .01 level of confidence at the' two-week testihR^and at the .05 and 
.10 levels, respectively , at the five-week testing. By the eight-week testing the 
infants were not preferentially viewing stimuli on the basis of sir.e as the differ- 
ences between fixation time were not statistically significant. At the eleven-v.'eek 

ERIC ' , , ^ 



testing the largest stimulus was preferred- over, the ^Tuallest stimulus at the .0*5 

level, but there 'were ao significant preferences on the basis of size at the '.05 

'level of confidence , after that session.* Thu^, the data suggest that size is a sal- 

lent stimulus charactetistlc for young infants, but by th^ time they are eight weeks 

of age their fixation' pre'^erences seem determined much less by the size of the stim- 

ulus. It was also at^'this eight-week testing that we observed the greatest change 

in nervous system maturation as indexed by primitive reflex scor^. 

Fixation preference as a function of stimulus pattern is shown in Figure 3. 

■ ■ " ' — -* ' \ 

.Insert Figure 3 abotlt here 



During the first two test sess^ns at two and five weeks •there was virtually no dif-^ 
f^rence in preference for horizontal stripes or bull's-eyes. These we^re- the §a!^ie two 
sessions in which there was a clear preference for stimuli on the basics size. At 
eight weeks, five of the fifteen infants began to show some preference for builds- 
^ eyes, bpt the effect was not statietically significant. By eleven we^ks the Rrefcr- 
ence for bull's-eyes was, evident in 12 of -the 15 infants, and post *hoc .Scheffe- tests 
indicated that the effect was significant at the .05 level- as it was for 'all of the 
subsequent testings. Throughout the period of the study infants showei^abo'ut the * • 
same amount of looking time for the horizVnfal stripes, but they- significantly in- 
• creased the amount of time they fixated buli:s-eyes. The first testing session af- 
ter the five-week session qn v/hich infants showed an increased fixation, tine for / 
bull's-eyes was the eleven-week session. 'Thus, infarits did not appear to discriirdn- • 
ate differences between patterned stimlili in the first two months- of life, but by 
the time they were eleven weelcs they were clearly showing a, preference for curvature". 

Neurological maturation in the sixteenth subject, JTP", for whom tH«re is longi- - 
tudinal EEG data, was similar to neurological maturation in the other 15 Ss expept 
t^at JTP's score/ were somewhat lower from the initial testing on. Since his gesta- 
tional age was 42 weeks, he would be expetted to have a more mature nervous system. 



- •. fie still showed the greatest change in neurological score between' the five and. , 

eiglvt-week* testing^ Additibnally , JTP preferred the largest ov^r the smallest 
^ , stimuli. In the initial test sessions, and he first shoved a clear preference for' 
^ J>all's-eye stimuli at eight weeks. ' * \ , ^ *' 

^ While JTP showed .a clear pi;eference for curvature at^ the age of eight weeks* 
he did not have organized rhythmic activity in hi^ KE^,at~"the eight ^'nine-week 
testing.. It was. not until the ten-week &sting that the occipital rhythm of 3-4 
Hz appeared. Sample EEG tracings at five, nine-, and ten weeks, for this subject ^re 
presented in'Figure 4. While the qnset of the occipital EEG" rhythm, at 10 weeks was 
■ earlier than published reports of,,.mean age at which the rhythm appears, it was still 

• » " ' . ■ — ' " ■ ■ 

Insert Figure 4 about here ^ • ^ 

— — — ^ — - . 

preceded by clear behavioral evidence of preference for curvature. " 

. Discussion 

The results of this study suggest that, there is' a" shi£t in the manner in which 

Infants respond to visual stimi^li between "eight and eleven weeks of^ age,, and this " 

^ shift is preceded by "rapid changes in neurological maturation as indexed b>Vthe 

disgppearance'of primitive refle^. , Tlie greatest decline in reflex strength too}:- 

_ plac^_ between five an'd eight weeks; while the shift in visual behavior bepnn to s ' 

become apparent' at eight weeks and was clear by eleven weeks. These results add 'to'. 

a growing body of literature (F^nfcz & Fapan,.1975; Kannel, Hoffmann,* & Fegy, 1974; 

, Barter. Deaton, & Odom, 1977; Ruff & TurkeVtz, 1975) demonstrating ~ tha't infants 

younger than 9 to 10 weeks discriminate stimiili on a, different basis from infants ' 

11 weeks or older. Y.ounger infc-vnts, ^.f f erentiate on the basis of the size oVthe 

stimulus whlle^jlder iq^an^s differentiate on the basis of qualitative charactijris- ' 

tics of pattern elements. Young infants trekt stimuli of ' the same pattern but- of . 

. different. Size as different stimnU/ while older infants attending to pattern 

characteristics of stimuli resl^ond^to preferred /^^attern elefhents r^^gardless of siJce* 
• ' * * 

FRir - \. J ■ • lAr 
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Ruf^^and Turkewitz (19^75) 'argued that such results could not be explained siir.ply ^ 
5asis of acuity differences between young and older .infants. . The stimuli used 
^ -by Ruff and Turkewitz were those used in the present investigation, aftd the segment 
width of even the smallest segment \;7as well>above the threshold of the youngest in- 
fant* Sinc^ preference occurred even between. t\/o stimuli a grea^ deal , above acuity > 
threshold (e.g., between the largest and the intermediate stimulus), it- is unlikely 
that acuity is the cause of the preference shift.* , * . . ' 

The explanation favored by Ruff and Turkewitz and by the present investigators 

• » * • . • 

Involves changes in the central nervous system. Lindsley suggested ehat subcortical" 

. and cortical structures are not ♦integrated at bi^rth and that the infant functi^s on ^ . 

a subcortical level until the third mon^th of life. Brojison il97^\) suggestQc^ that 

; 'the secondary visual system, involving t\\c superior cplliculus and pulvinar and char-. 

if * 

acterized by^^poor fqye^l vision an^ greatejr sensi tivity'.to peripheral stiniufation ^ 

may pred^^^te in the^ control of "infant visual behavior during thy^ Firsjt two. months ' 
of.life^ the prijnary visual' system i,s relatively imirrature until the end of the^ecr-- 
. ond month when it sujlercedes 'the secondary sys^tem. Functional' capacilry in. this f>en-- ^ 

, gical basis fop pattern vision which ener^os \ 
^ -at this time. Brbns^On argues that patterns of myelinogenesis and neuronal growth in. 
the infant cortex follow the "order in which information is processed in his r.odel. 
Sutjcortipal structures iuch as the superi"©!- colliculys ^nd lateral geniculate nature 
- .earlier than the cortex. Thus, visqal behaviors which can be mediated at a. subcor- * 

• ' " ' > • • ■ " ; • - ■ • ■ . ' 

^cal level appear in yoUng infants, -while behaviors'. requiring corg^cal control 

r ' • ^ ' ' V • ' ' . . ' 

' . emerge only after the portox is funcej.onar. " ^ • 

While Bronson suggested histol^gicaLat^asuros to index \tl)e onset of function in 
the cortex, Lindsley s,uggested that the onsct^ of rhythmic "ocdlpital EE<|tmighL signi- 
fy the integiration df cortical and subcortical strjjctures and hence- the onset of , 
functioHAl cortical capacity. ' Bronson' s criteria f©r i^rtical contrQl cannot b? raea- 

ERIC . . ■ > . . • 



sured in normal human infants while Lindsley's can. Longitudinal dat^ on one sub- 
ject suggested that the geniculo-striate syst.eirt is functionary involved in behavior 
before the onset of - organized rhythmic activity in that systejn. Stimulus preference 
based on pattern discrimination occurred two weeks before^ the appearance of the.occi- 
^ pital rhythm. This suggests that while the rhythmic activity is closely associated 
*-wlth the Inset of cortlca], functi&p, it does not pace or precede that function.. ' 
• We intend to examine the EEG aiid behavioral development sequences in additional 
'j infants b.efore generalising- the conclusion that occipital r|iythinic activity onset is 
not associated jwith/the onset .of cor tically- mediated v\,sual behavior. However, since 
the visual and reflex data of JTP closely parall^^ data collected in 15 other in,- 
fants, V7e anticipate, replication of EEG results. Thi| leads us to speculate abotit 
■the behavioral* significance of .the onset of occipitaJL rhythra. Are there mora cor.plex 
behaviors which accompany or follow onset 6f this organized rhythm, or does the rhyth 
mifc activity only emerge after an interaction of cortical matl^ration and visual ex- 
perie^ce .with appropriate elements? This intriguing question has ^arisen from Linds- 
ley's ^arly work on the ontogeny of the EEG, and we are continuing research ±n our * 
laboratory to pursue this issue he Iraised. > " 



) , ^ . References 

Bronson, G. • The postnatal growth o^ visual capacity. Child Development , 1974, 45 , 
.873-890. • ^ ' ^ " 

Conel, J. L.- The postnatal developinent of the hurncm cerebral, cortex: Vol\}K>g I^, i. 
The cortex of the newborn . Cambridge, Mass. r ^^larvard University Press, 1939. 
; Conel, tr. L. The postnatal development of the human cerebral cortex; Volume II , 

The cortex of the one month infant . Cambridge-, >Iass.: Harvard Universi^ty Press, 
1941. . * * * \ 

Conel, J. ^L. The postnatal development of the hum^an cerebral cortex : , Volume III ,* 
The cortex of the three month infan_t. Cambridge, Mass.: Harvatd University 
.Press, 1947. 

Dreyfus-Brisac, C. , Samson, D. , Blanc, C. , & Monod, N. L'electroencephalogramme de 

l*enfant nonnal de moinfe de Spans'. Etudes Neo-Na^ales , 1958, 2> 1^-175. 
Ellingscn, R. J. The study of brain electrical activity in infants. In.L. L.' Lip- 

sitt & C. Spiker (Eds.), Advances in child development and behavid^ . New York; 
.Academic Press, 1967. 
Fantz, R. L. , & Fagan, J. F. Visual attention to size and number of pattern details 

by term and preterm infants during the first six months. Child Development . ' 

1975, 46, 3-18. ' ' t. ^ ' , 



Florentine^, M. R. ■ Normal and abnormal development : The influence of primary re- 
• flexes on motor development . Springfield, 111.: Charles C. Thomas, 1972." 

- i . ■ V - . • 

Harter, IT. R. , Deaton,- F. K. , & Odom,-.J. V. .Maturation of evoked potentials and 

. , . 'm . 

visual preference in 6 to 45-day-old infartts: Effects of check size, visual 

( "■ • . ■ 

acuity, and rc^fractive Cirror. Electroencephalography and Clinical Neurophvsiol- 

Karmel, B. ^. , Hoffman,^ R. F. ,. S^Fegy, M. J. Processing of • contour information by 
human infants evidenced by pattern-dependent evoked potentials!' Child Devel- 
opmont . 1974, 45, 39-48. 

o- ■ ,14."'" 
ERJC - - 1 . 



-13 • ' - 

• » 

Lindsley, D* B. Brain potentials in children and adults. Scifence , 1936, _8A, 35A. 

Lindsley, B, Electrical potentials of the brain in childrf^n and adults. Jour- 
nal of General Psychology , 1938, 1^, 285-306. 

Lindsley, D. B. A longitudinal study of. the occipital alpha, rhythm in normal child- 

ren: Frequency and amplitude standards.' Journal of Gpnetic Psychology , 1939, 

55, 197-213. * • 

" *■ ' " \ 

Lindsley, D. B. , & Wicke, J. D. The electroencephalogram: Autonomous electrical 
activity in man and animals. In R. F. Thompson & >I. M., Patterson (Eds.), Bio- 
electric recordinp, techniques . New York: Academic Press, 197^. Pp. 3-83. 
Pamieleei A. H. Newborn neurological examination. Unpublished manuscript, Univer- 

•sity of California at Los Angeles, 1971. ' * 
Ruff, H. Ai , & Birch, H. G. Infant visual fixation: The effect of concentricity, 

r 

curvilinearity, and number of .directions. Journal of E>n)eririental Child Psych- 
ology . 197A, 17, A60-A73. . ' ^- ■ • 
Ruff, .H. "A., & Turkewitz, G. Developmental changes in the effectiveness of stimulus 
intensity on infanti, visual attention. Developmental Psychology , 1975, 11, 706- 



710. 



Scheibel, M. E. , & Scheibel, A. B. Some neural substrates of postnatal developn>ent. 
In M. Hoffman & L, Hoffman (Eds.), Review of child development research , Vol. 1. 
> New York: Russell Sage, 196 A. ' ^ — v 

Si^an, M. , Kapp, C. B., Tarmelee, A.,H. , & Jeffrey, W. Visual attention and nduro- 

. 

. logical organization in neonates^ Child Development . 1973, 44, 461-466. 
Taft, L. T. , & Cohen, H."j. Neonatal and infant reflexology. In J. Hellmuth (Ed.), 
Exceptional, infant : Voluipe I, The normal infant. Seattle, Wgsh. : Special 
Child Publications, 1967. ' ' ' 



r 



y. 



ERIC 



15 ' 



-14- 

Table 1 • * / ^ 

Physi^-al Measurements, af Stimuli 



•* 


Area in sq. fn. 


length of segment 


\ 

Length of contour 


Contour 


Stimuli 


(cm ) 


in in. (em) 


in in. (cm) 


• \ 

\ density^ 


Size* 1 


^ <9. 75(62. 89) 


1.25 (3.2) ■ » 


30 ' (76) 


^3'. 08 


^ize 2 ' 


22.50(145.13) 


1.88 (4.8) 






Size* 3 ' 


30.75(198.34) 


2.56 (6.5) 


61 (155) 


1.98-*'^ 


Si^se 4 


50.25(324.11) 


3.25 (8.3) 


78 (198) ■ ■ 


' 1. 56 


Size 5 


70. 60(455. 37) 


4.00(10.2) 


96 (244) 


1.36> 



8 

Ar6a divided by length" of contour. 
(Ruff & Turkewitz, 1975) 
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'Table 2 

'• ' . -' " 

jJleflexes Evaluated over ttie First Four Months of Life 



Description 

Stroking the comer Of the mouth and .moving the finger 
laterally across the cheek cause's the baby to^ move 
his tongufe, mouth, and head towards the stimulated 
side 



2. sucking 



3* palmar-pental 



A. grasping 



5. tpngue retrusion 



— 6. stepping reflex 



?• withdrawal reflex 



Elici,ted/by placing a finger, or a nipple in the' infantas 



mouth ^ • 

Ptt>duced by pr6ssure on both of the infantas palms; :^n- 
^ fant opens mouth and closes eyes. 

Infantas automatic grasp is used to pull him to sit by 

placing a, forefinger in* each of the infantas palms 
' (evaluation of motor maturity) 

Infant responds by pusHing out^ tongue whenever hard ob- 
ject ^is plac^ed in mouth ^ • , . • 

In^standing position, infant held under arms and in- 
clined forward, takes rhythmical steps characterized, 
by heel sfrike ' ^ 

Legs extended, soles of feet stimulated results in exten- 
slon of toes followed by pulling legs to torso o 
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FIG 
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AGE IN WEEKS 

I. Mean Neurological Score as a Function of Age. 

(The higher the score, the lower the maturotional level). 
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Length of Gontour(Cm) 
I. A— ^ 76 

4.iy-A 198 
244 




5 8 II 

AGE IN WEEKS 



17 



M.nn ' Percent of Total possible time fixated (2 5-second intervals) 

f unX of Cfor 4 stimuli of varyin, sizes collapsed, 
across 2 pattern types. ^ . 



80 




10 



©—a concentric circles 
horizontal stripes 



^ 




X 



8 ii ■ 
AGE. IN WEEKS 



13 



15 



17 



Mean Percent of Total Possitle Time Fixated (2 5-second intervals) 
as a function of Age for Concentric Circle and .Horizontal Strip© 
patterns collapsed across 4 stimulus^ sizes. 
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10 veckd 



4 - ' . 
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